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(57)Abstract: 

PURPOSE: To provide an optical recording medium and 
an optical recording and reproducing system capable of 
increasing the recording density of each of all known 
optical recording media without altering the constituent 
optical elements of an optical head. 
CONSTITUTION: A light controlling film 12 contg. fine 
powder of a semiconductor, metal or metal compd. and 
having such nonlinear light transmissivity characteristics 
as to ensure low light transmissivity to low illumination 
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light beams and high light transmissivity to high illumination light beams is interposed between 
a transparent substrate 4 and a recording film or a reflecting film 5. The average particle 
diameter of the fine powder is made close to the Bohr radius of excitons formed from 
electrons and/or positive holes of the semiconductor, metal or metal compd. so as to attain 
the nonlinear light transmissivity characteristics by a quantum size effect. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** sho^ys the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an optical recording medium and the optical recording 
regeneration system which consists of combination of an optical recording medium and an optical head, 
and relates to the improvement technique of recording density in more detail. 
[0002] 

[Description of the Prior Art] Drawing 4 shows an example of the optical recording regeneration system 
known conventionally, and consists of an optical recording medium 1 and an optical head 3 which has 
an objective lens 2 at least. As shown in drawing, an optical recording medium 1 carries out the 
laminating of record film or the reflective film 5, the 1st protective coat 6, and the 2nd protective coat 7 
to one side of the transparence substrate 4 one by one, and becomes it. In addition, record film is formed 
in the optical recording medium of a postscript form or a rewriting form, and the reflective film is 
formed in the optical recording medium of the form only for playbacks. An objective lens 2 focuses the 
light beams 8, such as a laser beam, on record film or the reflective film 5, and the optical recording 
medium of a postscript form or a rewriting form is received. Irradiate the light beam of high energy at 
record film, and by the energy, produce thermal deformation in record film and information is recorded 
on it. Moreover, the light beam of a low energy level of extent which does not affect the transparence 
substrate 4 and each film 5-7 is irradiated along a recording track, and information is reproduced by 
detecting the reflected light. On the other hand to the optical recording medium of the form only for 
playbacks, the light beam of a low energy level of extent which does not affect the transparence 
substrate 4 and the reflective film is irradiated along a recording track, and information is reproduced by 
detecting the reflected light. 

[0003] ** - like, since an optical recording medium 1 performs informational record and playback by 
the light beam 8 irradiated from an objective lens 2, the recording density is greatly influenced with the 
diameter (diameter of a spot) D of the optical beam spot which focuses on record film or the reflective 
film 5. That is, since the small record domain of a diameter or width of face can be formed and 
information can be packed and recorded in the direction of a truck, and the direction of a track pitch so 
that the diameter D of a spot is made small when the record sensibility of record film and the 
reinforcement of a light beam are set constant, recording density of an optical recording medium can be 
enlarged. 

[0004] Outgoing radiation is carried out from an objective lens 2, and the diameter D of a spot which 
focuses on record film or the reflective film 5 is given by D**alpha lambda/NA, when the multiplier 
decided [ wavelength / of light ] by NA and incidence distribution to an objective lens 2 in the numerical 
aperture of lambda and an objective lens 2 is set to alpha. From this formula, the diameter of a spot can 
be made small, so that a multiplier alpha is so still smaller that the numerical aperture NA of an 
objective lens 2 is so large that the wavelength lambda of light is short. However, since a new laser light 
source etc. must be developed, if immediate utilization is difficult and enlarges lens numerical aperture 
NA, the depth of focus of an optical spot will become shallow, and another technical un-arranging [ that 
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the burden to an automatic-focusing device increases ] will produce shortening of wavelength lambda. 
Therefore, now, large minor-diameter-izing of the diameter of a spot by modification of an optical 
element is difficult as a matter of fact. 

[0005] On the other hand, it is INTERNATIONAL SYMPOSIUM ON. The improvement means in 
recording density of the magneto-optic-recording medium called a MSR (Magnetically induced Super 
Reso-lution) method is conventionally known as indicated by OPTICAL MEMORY 1991, 2D -1, and 
"MULTI-LAYERED MAGNETO-OPTICAL DISK FOR MAGNETICALLY INDUCED SUPER 
RESO-LUTION." This method realizes super resolution in temperature distribution and a magnetic 
exchange auxiliary layer using temperature distribution smaller than the diameter of a spot being formed 
on the magneto-optic-recording film. However, since it can apply only to a magneto-optic-recording 
medium and the core of temperature distribution shifts to the core of a light beam on the strength, this 
method has the fault that the signal amplitude obtained from a magneto-optic-recording medium 
becomes small. 
[0006] 

[Problem(s) to be Solved by the Invention] In the field of an optical recording medium, are concerned, 
there is nothing in the class of a recording method, record film, etc., and improvement in recording 
density and the increment in storage capacity have become one of the most important technical technical 
problems about all the optical recording media that belong well-known. Although this technical 
technical problem can be attained by minor-diameter-izing the diameter of a spot of the light beam 
irradiated by the record film or the reflective film of an optical recording medium, as described above, 
immediate achievement is difficult for large minor-diameter-izing of the diameter of a spot by 
modification of an optical element. Moreover, depending on a MSR method, it is inapplicable to any 
optical recording media other than a magneto-optic-recording medium. Therefore, minor diameter- 
ization of the diameter of a spot must be attained by methods other than the above mentioned all 
directions type. 

[0007] It is made in order that this invention may solve this technical problem, and the purpose is in 
offering the optical recording medium in which high density record is possible, and an optical recording 
regeneration system. 
[0008] 

[Means for Solving the Problem] In the optical recording medium which performs informational record 
and playback by coming to support record film or the reflective film on one side of a transparence 
substrate, and irradiating a light beam at these record film or the reflective film in order that this 
invention may attain the aforementioned purpose Including the impalpable powder of a semi-conductor, 
a metal, or metallic compounds, to the light beam of a low illuminance, between said transparence 
substrate and said record film, or the reflective film, light transmittance was low, and the optical control 
film which has the light transmittance property that light transmittance becomes high to the light beam 
of a high illuminance was prepared in it. 

[0009] That to which the laminating of the layer of the thing which distributed the impalpable powder of 
a semi-conductor, a metal, or metallic compounds in a transparence dielectric or transparence resin, the 
layer of said impalpable powder and a transparence dielectric, or transparence resin was carried out as 
optical control film can be used. Here, as said semi-conductor, a cadmium sulfide, cadmium selenides, 
or these solid solutions can be used here, and gold, platinum, copper, a copper chloride, or such mixture 
can be used as said metal or metallic compounds. Especially the mean particle diameter of said 
impalpable powder has lnm - desirable about 20nm. As a transparence dielectric, a silicon dioxide, 
silicon nitride, an oxidization yttrium, an alumina, lithium nitride, tantalum oxide, either of niobium 
oxide, or such mixture can be used, and butyl acetate, polyvinyl alcohol, a polyvinyl butyral, ultraviolet- 
rays hardenability acrylic resin, or such mixture can be used as transparence resin. 
[0010] In the optical recording regeneration system which consists of optical heads equipped with the 
objective lens which focuses a light beam about an optical recording regeneration system on the record 
film of an optical recording medium and this optical recording medium, or the reflective film on the 
other hand As said optical recording medium, while using an optical recording medium according to 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/9/06 



JP,06-044609,A [DETAILED DESCRIPTION] 



Page 3 of 6 



claim 1 A mask is given to the core of said objective lens as said optical head. What was constituted so 
that the diameter of half-value width of the optical spot which focuses on said record film or the 
reflective film might become small, Or means to use the optical head constituted so that the diameter of 
half-value width of the optical spot which focuses on said record film or the reflective film by bringing 
forward phase distribution of the light which penetrates the core of said objective lens rather than phase 
distribution of the light which penetrates the periphery of this objective lens might become small are 
taken. 
[0011] 

[Function] Generally as a light beam for record/playback applied to an optical recording medium, a laser 
beam is used. The intensity distribution of a laser beam are Gaussian distribution to the field 
perpendicular to an optical axis, and they become weak as a core is strong and results in a periphery. 
Between a transparence substrate, record film, or the reflective film, if said nonlinear light transmittance 
property is irradiated from a transparence substrate side at the optical recording medium with which the 
optical control film which it has was prepared, the light beam of a low illuminance of a periphery will be 
interrupted by the optical control film, and record film or the reflective film will not be reached, but only 
the light beam of a high illuminance of a center section will reach the light beam which has these 
intensity distribution at record film or the reflective film. Therefore, the diameter of a spot of the light 
beam irradiated by record film or the reflective film is minor-diameter-ized, and the densification of 
recording density is attained. Since such effectiveness can be acquired irrespective of the class of record 
film or reflective film, it can attain densification of recording density about all optical recording media. 
Moreover, since a beam core and the reading core of a signal are always in agreement, the fall of 
regenerative-signal level can also be pressed down to the minimum. 

[0012] Since what distributed the impalpable powder of a semi-conductor, a metal, or metallic 
compounds in a transparence dielectric or transparence resin is excellent in chemical stability, it can be 
equal to prolonged preservation and use. Moreover, if the mean diameter of impalpable powder is 
adjusted to the value near the diameter of BOA of the exciton formed from an electron, electron holes, 
or these both, since either will be shut up at least for inside [ it is an electron or an electron hole ] by the 
quantum size effect of impalpable powder in the optical control film, the absorption of light is controlled 
and a nonlinear transparency property is acquired. Since the electron of said impalpable powder 
ingredient, an electron hole, or the diameter of BOA of an exciton is lnm - about 20nm, the thing of this 
value is used [ impalpable powder ] for mean particle diameter. Of course, when an electron, an electron 
hole, or the diameter of BOA of an exciton uses this optical control film ingredient that exists out of 
range, the impalpable powder which has the mean particle diameter according to it is used. In addition, 
as an optical control film ingredient which has a nonlinear light transmittance property, there are 
organic-coloring-matter ingredients else [, such as what distributed the impalpable powder of a semi- 
conductor, a metal, or metallic compounds in a transparence dielectric or transparence resin, ], such as 
for example, phthalocyanine system coloring matter. An organic-coloring-matter ingredient has the 3rd 
comparatively strong nonlinear characteristic to the electric field of light. 

[0013] Moreover, if the phase of the light which carries out the mask of the core of an objective lens, or 
penetrates the core of an objective lens is brought forward rather than the phase of the light which 
penetrates the periphery of this objective lens The diameter of half-value width of the light beam which 
focuses on record film or the reflective film can be made small, and much more minor diameter-ization 
of the diameter of a spot irradiated on record film or the reflective film by irradiating said optical control 
film at the optical recording medium which it has in the light beam minor-diameter-ized by doing in this 
way can be attained. In addition, although a side fringe will occur around the minor-diameter-ized main 
beam if the phase of the light which carries out the mask of the core of an objective lens, or penetrates 
the core of an objective lens is brought forward rather than the phase of the light which penetrates the 
periphery of this objective lens since it is interrupted with said optical control film since the optical 
reinforcement of a side fringe is alike and small compared with the optical reinforcement of a main 
beam, and record film or the reflective film is not reached, it does not have a bad influence on 
informational record and playback 
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[0014] 

[Example] First, the 1st example of the optical recording regeneration system concerning this invention 
is explained based on drawing 1 and drawing 2 . The explanatory view of the optical recording 
regeneration system which drawing 1 requires for this example, and drawing 2 are the graphical 
representations showing the light transmittance property of the optical control film qualitatively. 
[0015] As shown in drawing 1 , the optical recording regeneration system of this example consists of an 
optical recording medium 1 1 and an optical head 3 which has an objective lens 2 at least. As shown in 
drawing, an optical recording medium 1 1 comes to carry out the laminating of the optical control film 12 
which has the nonlinear light transmittance property that light transmittance is low on one side of the 
transparence substrate 4, and light transmittance becomes high to the light beam of a high illuminance at 
it to the light beam of a low illuminance, record film or the reflective film 5, the 1st protective coat 6, 
and the 2nd protective coat 7 one by one. 

[0016] The transparence substrate 4 is formed in desired configurations, such as the shape of the shape 
of a disk, and a card, using transparence resin ingredients, such as transparence ceramics, such as glass, 
and a polycarbonate, polymethylmethacrylate, the poly methyl pentene, epoxy. Although formed in 
concave convex with the detailed guide rail for usually showing one side of this transparence substrate 4 
to a preformat signal and a light beam, about those arrays and formation approaches, it is a well-known 
matter, and since it is not the summary of this invention, either, explanation is omitted. 
[0017] To the light beam of a low illuminance, the optical control film 12 has low light transmittance, 
and is constituted with the film which has the light transmittance property that light transmittance 
becomes high to the light beam of a high illuminance. An example of the light transmittance property is 
shown in drawing 2 . For the optical control film 12 of this example, optical reinforcement is lb as 
shown in this drawing. The transmission of the following light beams is low and optical reinforcement is 
lb. About the above light beam, it has the property that light transmittance becomes large. The film 
which consists of a layered product with the impalpable powder layer of the film which consists of what 
distributed the impalpable powder of the semi-conductor excited by the light of the wavelength to be 
used as optical control film 12 which has this property, a metal, or metallic compounds in a transparence 
dielectric or transparence resin, a semi-conductor, a metal, or metallic compounds, a transparence 
dielectric layer, or a transparence resin layer can be used. The optical control film which distributed 
impalpable powder in the transparence dielectric among the former can be formed by the sputtering 
method which used an impalpable powder ingredient and dielectric materials as the target, and the 
optical control film which distributed impalpable powder in transparence resin can be formed by 
carrying out the spin coat of the transparence resin with which impalpable powder was distributed on the 
transparence substrate 4. Moreover, the latter can be formed using a plasma-CVD method etc. by the 
approach of carrying out the laminating of the impalpable powder on the transparence substrate 4. 
[0018] As a transparence dielectric, a silicon dioxide, silicon nitride, an oxidization yttrium, an alumina, 
lithium nitride, tantalum oxide, either of niobium oxide, or such mixture can be used, and butyl acetate, 
polyvinyl alcohol, a polyvinyl butyral, ultraviolet-rays hardenability acrylic resin, or such mixture can 
be used as transparence resin. Moreover, as said semi-conductor, a cadmium sulfide, cadmium selenides, 
or these solid solutions can be used, and gold, platinum, copper, a copper chloride, or such mixture can 
be used as said metal or metallic compounds. The impalpable powder of said semi-conductor, a metal, 
or metallic compounds is adjusted to a value with the mean particle diameter near the diameter of BOA 
of the exciton formed from both these semi-conductors, metal, or both [ an electron, electron holes or / 
these ] in order to acquire the transparency property of a nonlinear light. Generally, since the electron of 
said impalpable powder ingredient, an electron hole, or the diameter of BOA of an exciton is Inm - 
about 20nm, the mean particle diameter of impalpable powder is also adjusted to this value. Of course, 
the impalpable powder with which an electron, an electron hole, or the diameter of BOA of an exciton 
has the mean particle diameter according to it about this optical control film ingredient that exists out of 
range is used. 

[0019] Record film is formed as an information recording layer of the optical recording medium of a 
postscript form or a rewriting form, and what consists of the quality of the material of the arbitration 
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which belongs well-known can be used for it. On the other hand, the reflective film is formed as an 
information recording layer of the optical recording medium of the form only for playbacks, and can use 
what consists of the quality of the material of the arbitration which belongs well-known. In addition, in 
drawing 1 , although record film or the reflective film 5 is displayed on the monolayer, what carried out 
the laminating of two or more thin films which consist of congener or an ingredient of a different kind to 
the multilayer in the sequence of arbitration can also be used if needed. 

[0020] It protects from chemical effect and the 1st protective coat 6 and 2nd protective coat 7 can form 
record film or the reflective film 5 mechanical and with metallic materials, such as organic materials, 
such as inorganic materials, such as Si02, SiN, and A1N, and ultraviolet-rays hardenability resin, 
aluminum, gold, and silver, etc. In addition, in this example, although the 1st and 2nd protective coats 6 
and 7 were formed, one of protective coats is also omissible. 

[0021] As an optical head 3, the thing which was equipped with semiconductor laser as the light source 
and which is conventionally applied to the system is applied as it is. This optical head 3 is equipped with 
the actuator for automatic focuses, and it is constituted so that the light beam 8 by which outgoing 
radiation was carried out from the objective lens 2 may always be focused on record film or the 
reflective film 5. 

[0022] If an operation of the optical recording regeneration system concerning this example and 
effectiveness are explained hereafter, the laser beam 8 extracted to the diffraction limitation will focus 
on record film or the reflective film 5 through the optical control film 12 with an objective lens 2. Since 
it is the Gaussian distribution which becomes weak as a core is strong and it results [ as opposed to / as 
described above / the field where a laser beam is perpendicular to an optical axis ] in a periphery, the 
optical reinforcement of a periphery is lb. The following parts are absorbed with the optical control film 
12, and do not reach record film or the reflective film 5. The optical reinforcement which is a center 
section on the other hand is lb. The above part penetrates the optical control film 12, and reaches record 
film or the reflective film 5. Therefore, diameter Dl of a spot when not having the optical control film 
12, as shown in drawing Diameter D2 of a spot of the laser beam which compares and reaches record 
film or the reflective film 5 It is minor-diameter-ized. ** -- if the diameter of a spot of the laser beam 
which reaches record film or the reflective film 5 is minor-diameter-ized like, since record domains (the 
record pit in a punching form optical recording medium or magnetization domain in a magneto-optic- 
recording medium) can be miniaturized, information can be packed and recorded in the direction of a 
truck, and the direction of a track pitch, and high density record is attained. Since pit spacing can be 
packed and recorded also about the optical recording medium of the form only for playbacks, high 
density record is attained. Since such effectiveness can be acquired irrespective of the class of record 
film or reflective film, it can attain densification of recording density about all the optical recording 
media that belong well-known. Moreover, since a beam core and the reading core of a signal are always 
in agreement, un-arranging [ that regenerative-signal level falls ] is also avoidable. 
[0023] Next, the 2nd example of the optical recording regeneration system concerning this invention is 
explained based on drawing 3 . Drawing 3 is the explanatory view of the optical recording regeneration 
system concerning this example, the sign 13 in drawing shows a mask and the same sign is displayed on 
drawing 1 and a corresponding part. 

[0024] The optical recording regeneration system of this example is characterized by forming the 
opaque mask 13 in a part for the core by the side of the optical incidence of an objective lens 2. It is 
constituted completely like the system of said 1st example by others. 

[0025] ** - it irradiates like on the optical axis with which main beam 8a with the diameter of a spot 
smaller than the case (it expresses to drawing 3 as a broken line) where the mask 13 is not formed when 
the laser beam which passes along this section is intercepted, as it puts the opaque mask 13 on the core 
of an objective lens 2, and a continuous line shows to drawing 3 passes along the core of an objective 
lens 2, and the side fringes 8b and 8c with optical small reinforcement occur rather than main beam 8a to 
the perimeter. Therefore, it is lower than the peak value of main beam 8a, and by forming the optical 
control film 12 which has a threshold higher than the peak value of the side fringes 8b and 8c in an 
optical recording medium 1 1, the diameter of a spot irradiated on record film or the reflective film 5 can 
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be minor-diameter-ized further, and an improvement of recording density still much more than the 
system of the 1st example can be aimed at. 

[0026] In addition, the same effectiveness as the 2nd example can be acquired also by replacing with the 
configuration which carries out the mask only of the part for the core of an objective lens, being able to 
acquire the same effectiveness as the 2nd example, even if it changes the protection-from-light property 
of an objective lens continuously or gradually, and bringing forward the phase distribution for a core of 
a light beam 8 rather than phase distribution of a circumference part. 
[0027] 

[Effect of the Invention] As explained above, according to this invention, between the transparence 
substrate of an optical recording medium, record film, or the reflective film Since the optical control 
film which has the light transmittance property that light transmittance is low and light transmittance 
becomes high to the light beam of a high illuminance to the light beam of a low illuminance was 
prepared By irradiating the light beam which has intensity distribution which become weak,-izing of the 
diameter of a spot of the light beam irradiated by record film or the reflective film can be carried out 
[ minor diameter ] to below the diffraction limitation of an objective lens, and the densification of the 
recording density can be carried out as a core results in a periphery strongly from a transparence 
substrate side. Moreover, much more high density record is realizable by taking collectively the means 
which makes small the diameter of half- value width of a light beam by the optical head side. 
Furthermore, since what distributed the impalpable powder of a semi-conductor, a metal, or metallic 
compounds in a transparence dielectric or transparence resin was used as an optical control film 
ingredient, it excels in chemical stability and can be equal to prolonged preservation and use. 



[Translation done.] 
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